In Sec. S.I we provide additional information on the calculations reported in the manuscript dealing with how well the underlying potential energy surface (PES) for proton transfer is described with respect to slab thickness, k-point sampling, cutoff energy and exchange-correlation functional. In Sec. S.II we discuss the details of and convergence of the molecular dynamics (MD) and PIMD simulations. Bigger cell MD and PIMD simulations are also performed to investigate the influence of the supercell size on our results. In the CASTEP calculations Vanderbilt ultrasoft pseudopotentials were used throughout [9] , expanded within a plane-wave basis set with a cutoff of 400 eV for the Pt system, 350 eV for Ru, and 300 eV for Ni. The Perdew, Burke, and Ernzerhof (PBE) exchangecorrelation functional [10] was used and on Ni(111) a pseudopotential with a non-linear core correction was employed and the calculations were spin polarized. The adsorption systems
were modelled with three layer slabs cut along the (111) direction and separated by a 15 A vacuum region. The bottom layer metal atoms were fixed at the bulk truncated PBE lattice positions and all other atoms in the cell were allowed to relax. √ 3 × √ 3-R30
• unit cells were used along with 4 × 4 × 1 Monkhorst-Pack k-point meshes. An electronic Fermi smearing of 0.1 eV was used throughout. An OH and a water molecule were placed in each simulation cell above atop sites of the substrate, consistent with the structures determined in experiment on Pt(111) and previous calculations for Pt, Ru, and Ni [11] [12] [13] [14] [15] [16] [17] [18] .
The above computational set-up was arrived at after an extensive series of tests established that it provided a reasonable compromise between accuracy and computational cost.
In these tests we particularly focused on determining how well the underlying classical PES was described, in particular the barrier for proton transfer. The results of some of these tests are shown in Tables SI-SIV. Specifically from Table SI it can be seen that on Pt the chosen computational set-up (400 eV, 4 × 4 × 1 k-point mesh, 3 layers) yields a proton transfer barrier 2 meV from the barrier obtained with much more precise settings (500 eV, 8 × 8 × 1, 7 layers). On Ru, the chosen set-up yields a barrier within 3 meV (Table SII) of the one obtained with more accurate settings and on Ni the difference is 4 meV (Table SIII) .
In the gas phase it is known that proton transfer barriers are often too low with GGA exchange-correlation functionals such as PBE. Such errors have been attributed to selfinteraction and significantly better performance is obtained with hybrid exchange-correlation functionals that contain a fraction of Hartree-Fock exact exchange [19] [20] [21] [22] [23] [24] [25] . Furthermore, it is known that larger fractions of exact exchange than the 20-25% present in popular hybrid functionals such as B3LYP and PBE0 are often required. To establish what would be a suitable fraction of exact exchange to employ in our hybrid functional calculations an extensive series of tests for proton transfer in a gas phase H 2 O-OH complex were performed.
Specifically, we performed calculations with PBE, PBE0, modified versions of PBE0 with percentages of exact exchange ranging from 25 to 55 %, MP2, and CCSD(T). These calculations were performed in GAUSSIAN03 with aug-cc-pvtz basis sets. The CCSD(T) and MP2 results both predict a barrier of ∼1 eV. The best agreement with this barrier is obtained from the PBE0-like hybrid functional with 42% exact exchange, as can be seen from Using these hybrid functionals, we then calculated with VASP the proton transfer barrier in the H 2 O-OH overlayer on Pt and compared the results with that from PBE. Since the exact reduces the self-interaction error in PBE, as can be seen from Table SIV . Second, compared with the gas phase, it also significantly reduces the proton transfer barrier. Analysis shows that this is because the chemical bonding between the overlayer and the metal substrate is strengthened at the transition state compared with that at the ground state where the water molecule bonds weakly to the substrate. All these barriers agree within 4 meV with the ones we have used in our MD and PIMD simulations (Table SI) . 
S.II MD AND PIMD CALCULATIONS
With the model described in the last section a series of MD and PIMD simulations were performed starting from the optimized PBE structures. All simulations were within the canonical ensemble employing a Langevin thermostat. In the MD simulations, a 0.5 fs time step is used and results shown in the manuscript are taken from 16,000 steps after the thermal equilibrium is reached. In the PIMD simulations, a 0.3 fs time step is used and the results shown are taken from 10,000 steps after thermal equilibrium is reached. Note that the MD and PIMD simulations performed as part of this study were of the "Born-Oppenheimertype" (i.e. the electronic density was optimized self-consistently to the ground state at each time step). In the PIMD simulations staging is used to improve sampling efficiency [26] .
To demonstrate that the results reported in the manuscript are not sensitive to the number of time steps used, we show convergence tests of the free energy profile for proton displacement along the intermolecular axes in spring interaction between beads of each nucleus, is also a relevant quantity. It can be seen from Fig. S3 that a stable ab initio PIMD simulation has been performed with the drift in the Hamiltonian energy being within 1 meV/atom/ps and the temperature well conserved at the target temperature of 160 K.
In the PIMD simulations, the imaginary time is discretized into a set of replicas (beads).
Convergence with respect to the number of beads used in the imaginary time discretization The results presented in the manuscript were obtained using a
This is the experimentally observed unit cell for the water-hydroxyl overlayer on Pt and
Ru and sufficient to describe the static structure of the overlayer. In the MD simulations, however, this small cell means that when a proton transfer event happens in one cell, si- O-O probability distribution is more intense at short distances (2.5Å), the H 3 O 2 complexes form, and the associated free energy profile for proton transfer is softened considerably. 
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